INTRODUCTION
Electrostatic Discharge phenomenon, commonly known as ESD occurs whenever a charged object is grounded: this results in the release and equalization of the static charge. The phenomena that give rise to ESD events may range from collection of charged particles due to ambient plasma, to the generation of charges due to triboelectric effect. This release of electric charge results in radiated electromagnetic fields that may couple to neighboring electrical circuits causing electromagnetic interference.
ESD can be a serious threat to electronic equipment. There is a need for ESD prevention and design of ESD immune electronics. Lot of effort has gone into the study of ESD current waveforms in order to develop discharge simulators for simplifying and standardizing ESD susceptibility testing [1, 2, 3] . The radiated fields associated with ESD events [4] have received much less attention compared to conducted susceptibility [5, 6] . This paper predicts the ESD response of the front end of the radio frequency subsystems working in Very High frequency (VHF) band. The ESD simulation current is generated using a 978-1-4244-5623-9/10/$26.00 ©2010 IEEE capacitive spark discharge source. The ESD event takes place at specific distances from the antenna connected to the electronic subsystem.
This work is modeled on similar computation presented by Shastry and Hariharan [7] for fields at I-meter distance from the ESD source. The work presented in this paper looks into the response of the VHF amplifier to the radiated EM fields due to an ESD event for distances from 0.5 m to 4.0 m.
II.
TRANSIENT CURRENT SOURCE
The ESD current waveform used in this study is based on the CSD model described by Norberg et.al. [8] . This model assumes that the discharge current i(t) may be expressed in the form:
where the values of P, q, s are selected as mentioned in reference [7] for a simple current waveform for the CSD from an ESD simulator and the current pulse shown in Fig. 1 fits the pulse shape obtained by (1) when P = 90 Amps, q = 1.5 X 10 7 and s = 1t x10 7 • The ESD waveform is not modeled on any real event. More realistic models based on IEC 61000-4-2 standard like the equivalent circuit models and full wave models [9, 10, 11, 12] will be considered for future work.
The transient current flowing through the object under test may be represented by a Z-oriented current element located with its center at the origin of the Cartesian coordinate system. Since this is a preliminary work, a Hertzian Dipole model was adopted though it is a highly simplified model for simulating fields of ESD. We have not considered the fact that the radiator is not just the arc, but the entire circuit formed by the simulator, discharge head, target and the return strap [13] . The advanced full wave models for system level coupling simulation [13] will be considered in future.
III. RADIATED TRANSIENT FIELDS
The field component at any point per, 9, <1» of the short dipole [7] is expressed in terms of spherical coordinates r, 9 and <I> are as follows:
where 
The field intensities along the direction 9 = n/2 have been computed for various distances (r = 1.5,2,2.5, 3m) for 0 :::; t :::; 400ns. The corresponding frequency spectra of the E and H fields are given in Fig. 2 & Fig. 3 . These are obtained by taking a 2000 point DFT of the sample points obtained using (3) & (4) with 9 = n/2, L = IOmm and r = 1.5, 2, 2.5, 3m. From the spectra we observe that a greater part of the energy due to ESD simulation currents has frequency components extending to the VHF and UHF bands. The open circuit voltage Voc induced by ESD generated radiated fields at the antenna terminals are found using the relation
where h = vector effective height and E i = electric field at antenna terminals.
Assuming the vector effective height of the antenna is parallel to the polarization of the incident E-field and the antenna terminals are located at 9 = n/2, the frequency spectrum of the open circuit voltage induced at antenna terminals, is expressed as (6) where h,,(oo) = angular frequency dependent complex effective height E9(00) = frequency spectrum of E-field at 9 = 1tI2
The published data of he(oo) [14] for a UHFIVHF communication antenna AT -1076 (operating frequency band 225 -400 MHz) is used along with a spline interpolation for computing the effective height. The frequency spectra of the open circuit voltage induced at the antenna input terminals for distances r = 1.5,2,2.5, 3m by using the hioo) data is shown in Fig. 4 . The voltage coupled to the input of the VHF amplifier fed by the antenna depends on the antenna impedance and input impedance of the amplifier. The input voltage (without considering the cable effect) is given by
Zi n = input impedance of the VHF amplifier (assumed to be SO Q amplifier), Za = antenna impedance Using the published data on Za [14] , a spline interpolation routine has been written for computing Za in the 30MHz to 300 MHz band. The spectrum of Vi n(o» is computed for r = I.S,2, 2.S, 3m and is shown in Fig. 6 . The time domain representation of the real part of the voltage coupled to the amplifier input terminals for distances (r = I.S, 2, 2.5, 3m) is plotted in Fig. 7 . If the distance between the ESD generator and the antenna is increased or decreased, this peak magnitude also changes accordingly.
VI. AMPLIFIER MODEL
The frequency spectrum of the voltage at the amplifier output terminals is given by where Av ( 0» is the voltage gain of the amplifier stage.
An n-channel dual gate MOSFET (3N187) was chosen as an active device to construct the RF amplifier and a set of Y parameters (for desired operating point to give most suitable self bias for the device) was taken from data sheets in reference [10) . For a single stage amplifier, the voltage gain expressed in terms of the Y-parameters of the active device and the load admittance is given by (9) where YF = short circuit forward transfer admittance, Yo = Short circuit output admittance and YL = load admittance.
The RF amplifier used has a centre frequency of 232 MHz and a bandwidth of 10 MHz. The voltage gain curve for the amplifier has been plotted in the Fig. 8 using the data given in [1S). The saturation of the amplifier was not taken into account. The characteristics and nonlinear effects can be considered in future work.
The magnitude of frequency spectrum of the output voltage of the amplifier for r = I.S, 2, 2.5, 3m shown in Fig. 9 is obtained from (8) and the voltage gain curve for the dual gate MOSFET VHF amplifier. The time domain representation of the real part of the amplifier output voltage for distances (r = I.S, 2, 2.5, 3m) is shown in Fig. 10 . 
VII. ANALYSIS
The analysis was carried out for distances ranging from 0.5 to 4.0 m and the values are listed in Table 1 . The amplitude of the response decreases sharply with increase in distance from the ESD source. Experiments are being conducted to study the effects of radiated EM field from an ESD event on the functioning of integrated circuits and systems. These results will be presented shortly. The complex circuit analysis using the SPICE simulation is also in progress. 
VIII. CONCLUSION
The modeling of the response of a VHF amplifier to an ESD generated EM radiated field is done using a standard approach. The results obtained for a distance of I-metre from the ESD source correlate to the published results. This paper analyses the effect of radiated EM field on a VHF amplifier: the coupling of voltage into the antenna terminals, from the antenna terminals to the amplifier input and finally the amplifier response.
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